Ferrocene reacts with boron tribromide in CS2 solution to give the m onoborylated and the 1 ,1 '-diborylated ferrocene, depending on the reaction conditions [1] . We have shown that the same reac tion, carried out in boiling hexane, also involves a 1,3-diborylated species and finally leads to a mix ture of tri-and tetraborylated ferrocenes [2] . Pure ferrocene derivatives with two boryl groups in 1,3-position of the cyclopentadienyl ring are of inter est for further synthetic applications. This is also true for derivatives with one boryl group and an other functional substituent in 1,3-position. There fore, we have now studied the reaction between BBr3 and the substituted ferrocenes, l,T-dibrom oferrocene (1) and alkylferrocenes (2 a, 2b).
Ferrocene reacts with boron tribromide in CS2 solution to give the m onoborylated and the 1 ,1 '-diborylated ferrocene, depending on the reaction conditions [1] . We have shown that the same reac tion, carried out in boiling hexane, also involves a 1,3-diborylated species and finally leads to a mix ture of tri-and tetraborylated ferrocenes [2] . Pure ferrocene derivatives with two boryl groups in 1,3-position of the cyclopentadienyl ring are of inter est for further synthetic applications. This is also true for derivatives with one boryl group and an other functional substituent in 1,3-position. There fore, we have now studied the reaction between BBr3 and the substituted ferrocenes, l,T-dibrom oferrocene (1) and alkylferrocenes (2 a, 2b).
In Scheme 1 the reaction between 1 and BBr3 is shown to proceed stepwise, leading at first to the m onoborylated compound 3 which, in the pres ence of an excess of BBr3, is converted into the diastereom eric 3,3'-diborylated ferrocene deriva tives 4 and 4'. Previously it has been reported that fourfold substituted ferrocenes are formed as a mixture of diastereom ers [3 a] , and in another case only one of two possible diastereom ers has been isolated [3 b] . Further borylation of 4 was not ob served even after prolonged reaction time in boil ing hexane. Com pound 3 was not isolated, but the mixture of 4 and 4' is readily obtained as a red am orphous powder. One of the diastereoisomers can be obtained pure by repeated crystallization from pentane. The presence of a single ethyl group in 2 a sug gests that the borylation with BBr3 (Scheme 2) af fords a complex mixture of ferrocene derivatives. Indeed, the m onoborylated compounds 5 a and 6 a (ratio -1:1) are readily identified if BBr3 is not used in excess. Further addition of BBr3 leads to the formation of two diborylated derivatives 7 a and 8a (ratio ~ 3:1). Finally, the triborylated 0932-0776/94/1000-1403 $06.00 © 1994 Verlag der Zeitschrift für Naturforschung. All rights reserved.
ethylferrocene 9 a is formed in high yield as the sole product which can be isolated as a dark red microcrystalline solid. The «-butylferrocene 2 b re acts with BBr3 in an analogous m anner to give 9b. The proposed structures of the borylated ferrocenes 3 to 9 a ,b are based mainly on and 13C NMR data (Tables I and II) , together with 2D ^C / 'H shift correlations using both '/ (^C 1!!) and 2 -3/ ( 1 3 C 1 H) for the cyclopentadienyl carbon atoms (Fig. 1) . The 'H and l3C NM R spectra of the monoborylated compound 3 show the typical pat tern of a 1,3 substituted cyclopentadienyl group. Because of the asymmetry introduced by the borylation there are four !H and 1 3 C(H) resonances for the m onosubstituted ring (see projections in Fig. 1). A similar pattern appears for the ferrocene derivative 5 a, whereas 6 a gives more simple spec tra, typical of l,l'-disubstituted ferrocenes. Simple 'H and 13C NMR spectra are also observed for the mixture of the diastereom ers 4 and 4' (Fig. 2) . The pected range of ferrocene derivatives [2, 3] ; the in fluence of the boryl groups will be discussed else where together with a larger set of <313C values of boryl-substituted ferrocenes [4] . As noted in the case of polyborylated ferrocenes [2] , the n B nu clear shielding decreases with increasing num ber of boryl groups. 
Experimental
All compounds were handled under argon by using carefully dried glassware and solvents. Deuterated solvents were stored over m olecular sieve and saturated with Ar. NM R spectra were meas ured by using Bruker AC 300 and JE O L EX 270 spectrometers. l,l'-D ibrom oferrocene was pre pared following the literature procedure [5] .
1,1'-Dibromo-3,3'-bis(dibromoboryl)ferrocene (4) Boron tribrom ide (1.4 g, 5.6 mmol) was added in one portion to a solution of 1.0 g (2.9 mmol) of l,l'-dibrom oferrocene (1) in 50 ml of hexane. After heating to reflux for 4 h, a sample was taken for NMR, showing the presence of the monoboryl ated ferrocene 3. Further addition of 3.6 g (14.4 mmol) BBr3 and heating to reflux for 24 h af forded 0.8 g (40.3%) of the two diastereoisomers 4 and 4' (m.p. 106-110 °C). One of the diastereo mers can be obtained pure by repeated crystalli zation from pentane (m.p. 106-110 °C).
-Ethyl-3,V,3'-tris(dibromoboryl)ferrocene (9a)
An excess of BBr3 (16.4 g, 65.6 mmol) was added in one portion to a solution of 3.0 g (14.0 mmol) of ethylferrocene (2 a) in 30 ml of hexane. After heating to reflux for 24 h, the solution was cooled to -7 8 °C for crystallization. The dark red solid so formed was identified as pure 9 a (6 . 8 g, 6 An excess of 2 a (2.6 g, 12.1 mmol) on reaction with BBr3 (2.5 g, 10.0 mmol) at reflux (4 h) in hex ane gave, according to inverse-gated ]H decoupled 13C NMR. a mixture of ethylferrocene 2 a (38%), l-ethyl-3-dibromoborylferrocene 5 a (27% ) and 1-ethyl-l'-dibrom oborylferrocene 6 a (35%).
Further addition of 2.5 g (10.0 mmol) BBr3 and heating to reflux in hexane for 4 h afforded a mix ture of 5a (25%), 6 a (29%), 1-Ethyl-3,l'-bis(dibromoboryl)ferrocene 7a (34%) and l-E thyl-1',3'-bis(dibromoboryl)ferrocene 8 a (1 2 %) (inversegated 'H decoupled 13C NMR).
-n-Buty 1-3,l',3'-tris(dibromoboryl)ferrocene (9 b)
n-Butylferrocene (2b, 1.0 g, 4.1 mmol) was dis solved in 30 ml of hexane, 6.4 g (25.7 mmol) BBr3 were added and the solution was heated to reflux for 24 h. After removing the solvent in vacuo, 1.76 g (61.3%) of pure 9b was obtained as a dark red oil.
